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Abstract 
During recent decades, major public road authorities showed an increasing trend in seeking for alternative ways to establish and 
implement road infrastructures concession systems, with the main aim to make it doable in a reliable, socio-economically 
sustainable and cost effective manner. 
This phenomenon is mainly due to increasingly higher risks related to the establishment of road concession system and risk 
related to the introduction of road toll payment requirements. 
During the last three years, ANAS International Enterprise S.p.A., a subsidiary company of the Italian Highway Agency ANAS 
S.p.A., has been appointed for assessing the feasibility and comprehensively structuring road concessions, through the 
implementation of a Public-Private Partnership (PPP) initiative, for a large part of road network of the Republic of Colombia. 
The main activities consisted in (i) the development of a financial model, consistent with the rules and economic parameters 
related to the Colombian market; (ii) the assessment of the economic and financial feasibility; (iii) carrying out studies and 
simulations for several concessions scenarios implementation, including analysis of risks and technical, financial and legal 
assessment; (iv) preparation of tender documentation and delivery of technical support to the National Infrastructure Agency 
during the public-private partnership awarding process. 
Along with these activities, the implementation of an innovative road concession system allowed the transfer and application of 
a number of best practices in various sectors. Indeed, improvement on the following aspects have been achieved: 
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x  Innovations in construction, including alternative solutions for road embankment slope stabilization; barriers against rock 
falls; asphalt concrete mixtures modified with polymers; 
x Technological innovations, including intelligent transport systems, telecommunications and information infrastructure, 
subsystem tolls, transport operating centers, subsystem video surveillance cameras hotspots, emergency call subsystem, 
weighing subsystem, lighting systems in urban areas and tolls; 
x Innovations in financial structuring, including tailor-made regulating financial planning and monitoring tools, introduction of 
innovative solutions for the use of appropriate discount rates aimed to ensure investor profitability, assessment tool to manage 
public- and private-sides risks, assessing tools to ensure value for money, implementation of alternative solutions for public 
participation in Project Financing initiatives, development and implementation of alternative solutions for private funding in 
the financing process (including structuring infrastructure bonds), adoption of PPP structure type contracts provisions; 
In this paper, the Authors describe in detail the concession implementation process, by particularly focusing on criteria adopted 
in selecting the contract type and related aspects, and highlighting main criticalities identified throughout the concession setting 
up process. 
Aiming to give food for thought for further development of road infrastructure concession practice implementation, this paper 
aims to provide the Reader with an analysis of an actual successful case study and accurate and well-balanced comments on 
advantages, disadvantages and criticalities faced. 
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1. Alternatives for road infrastructure concessions 
In the PPP acronym the most important P is the third one: Partnership. It is the meaning we want to give to this 
Partnership and the equilibrium of the sharing of the burdens and responsibilities in between the Public and the 
Private the key of success of such initiatives.  
This has also been the lesson learned in Colombia, where ANAS has been awarded of two contracts for the 
comprehensively structuring of totally around 3,000 km of roads, divided in 9 lots, of the fourth generation of 
concessions, the so called 4G highway program, after first, second and third generation failed precisely for the lack 
of balance. In fact in the first generation all risks were borne by the public, ending to be much more costly for the 
government. In the second generation the situation has been inverted, with the result that private have either failed or 
fled the contracts. In the third one a better equilibrium has been found, but still lack of clear rules ended up creating 
delays, low levels of services and reclamations. 
 
Fig. 1. Map of road concessions structured by ANS in Colombia. 
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Therefore it is important that the public administration proposing the concession, properly plan the project and 
arrange a fair contract, financially attractive for the private sector, but clear and detailed in defining not only its 
obligations, but the level of service required (in the referred projects ANAS has expanded from 12 to 22 the service 
level return index to be satisfied by the concessionaires during their operation and maintenance period). 
Of course we must start from the analysis of the economic viability of the project. To that end we must have an 
accurate analysis of traffic flows with a careful prospection, integrating future development of the territory crossed. Being 
this difficult and uncertain, given the long duration of road concessions, it is advisable not to oversize the infrastructure at 
the beginning (i.e. designing it for the first 10 years projection), that would result in high CAPEX and related interest 
costs, but to foresee, both in the design and in the contract, an optional second phase of works for road widening. 
But if cost optimization concern mainly the engineering of the construction, in terms of the proceeds must be 
financially considered that a road is not only a road. A road is a service corridor where run all networks, from 
communication and power lines to oil and gas, enabling their maintenance with easy access. A road is an avenue 
where users are clients with needs to be satisfied (petrol and food stations, shops and garages) and beneficiaries of 
advertisings. A road open new commercial benefits to developing areas. 
Therefore, another aspect that is worth considering are this “secondary incomes” that might result even in being 
self-sustaining of the project feasibility without the need for tolling. An useful reflection where there are social 
problems of tolling acceptance. Also in this case some measures can be taken as widening the expropriation width to 
accommodate other services (paying use), arranging service areas with suitable structures and advertisement spaces 
(to rent) and supplying the legal assessment for arrangements that capture part of the value added from the 
infrastructure to the productive activities of the area. 
Once finalized the feasibility study, the Administration can decide the concession’s duration and whether keeping 
it fixed or variable, according to the necessity of government grants (in the referred project some corridors needed 
from 30% up to 70% of public funding), researching and selecting the best international practices regarding the 
financing of infrastructure. 
To this end ANAS had interviews with the management of banks and other lenders and analyzed major bond 
issues in the field of infrastructure, in order to understand the current potentiality of project financing and related 
conditions so as the current situation of the capital market in Colombia. 
2. Risk analysis 
Risk analysis is a fundamental step in the study of a PPP project, which allows to evaluate the feasibility of the 
project at 360 degrees. Within the foreseeable risk, the estimate is to assess the probability of occurrence of the risks 
that have been exemplified and, considering their level of impact, to evaluate their effects. In the specific Colombian 
experience, ANAS has developed the analysis in 4 steps: 
x Risk identification: at this stage the possible causes and effects of risk factors or threats source to whom the 
project is exposed, were identified and each allocated to the party (public and/or private) with more capacity to 
manage it;  
x Risk evaluation: at this stage the analysis seeks to assess the materiality of the risks. To this end an evaluation of 
those factors that affect the consequences (impact) and the probability of occurrence is performed in the worst 
scenarios in which there are no control measures. The result from these first two phases is the risk matrix, where 
any risk is identified, described, assigned and evaluated qualitatively with respect to probability and impact; 
x Risk valorization: at this stage, taking into account the qualitative assessment of the previous stage, it developed 
a risk map where, for the risks mapping in the Significant and Serious area, it is performed a quantitative 
evaluation, incorporating the criteria assessed in the qualitative stage a numerical approximation; 
x Risk mitigation: solutions and mitigation tools have been proposed to optimize the management of risks. 
The result applying this methodology, led to the definition of a risk financial plan with annual provisions that the 
public entity will use both to hedge against project’s risks and to get a better idea of the real cost of the project and its 
feasibility. The methods used for the quantitative evaluation are the main methods of statistics, such as Chi Cuadrado 
and Bootstrap. In some specific cases, when historical information about the event under consideration were not 
available, experts meetings on the specific issue has been organized, analyzing with statistical methods their answers. 
In order to obtain a correct balance of risks between the public entity and the private, it was considered a form of 
shared risks that was beneficial to the two parties involved. For example for the risks associated with extra cost 
arising from land acquisition or extra costs for environmental offsets: the private entity will assume the extra cost of 
up to 120% of the initial value; the extra cost between 120% and 200% of the initial value will be shared between 
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Privato Pubblico Privato Pubblico Privato Pubblico
Constructivo x Parcial x x
Tráfico x x x
Tarifa de Peajes x x
Predios x x Gestion x
Licencia Ambiental x x Gestion x
Tributario x x x
Cambiario x x Parcial x Parcial
Fuerza Mayor (Asegurable) x x x
Financiación x x x
Fuente: Conpes 3107 del 2001
Primera Generación Segunda Generación Tercera Generación
Evolución de los criterios de asignación de Riesgos en Infraestructura Vial
Riesgo
the two parties, to the extent of 70% for the public entity and 30% for the private sector; the extra cost over 200% 
will be entirely supported by the public entity. 
The correct balance of risks is crucial to the success of a PPP operation and for this analysis have taken into 
account the point of views of all involved parties and evaluated the market acceptance of the distribution designed. 
The discussion and pre-analysis phase therefore is very important. 
It is important to point out that one of the success factors of the risk analysis is the level of advancement of the 
detail design. Obviously, the more you deepen the technical studies and the more it reduces the uncertainty about the 
estimates. In Colombia, the development requested of the technical studies for the fourth generation of highway 
concessions, is very high, which allowed a more accurate risk as well as projects assessment, in general. With this 
fourth generation of PPP projects has been possible to improve the distribution of the risks of the concessions, 
solving the critical points of previous generations who had a distribution of risks which in some cases proved to be 
critical. In the 4G concessions in Colombia, for example, the risk for lower toll revenues is now borne by the public 
body. However the traffic study has been developed to an advanced level, thus reducing the uncertainty of the risk. 
The same consideration can be done on all risks for which the analysis carried out has decreased the uncertainty. 
 
Fig. 2. Evolution of Risk allocation criteria in Colombia. 
3. Innovations in construction 
Main constructive innovations concerned road embankment slope stabilization and asphalt mixtures. 
3.1. Slope stabilization 
The traditional works type (reinforced concrete retaining walls on direct foundation or on piles, with or without 
ground anchors) are characterized by the use of materials as concrete and steel. A plus point of these solutions is the 
fact that they can solve situations of high criticality, while among the weaknesses there are: 
x Need of careful selection of materials and high quality controls; 
x High costs and complex organizations, especially during construction; 
x Some types of intervention require specialized technologies and skilled labor; 
x Works insertion has a “rigid” character and a high environmental impact; 
x The works are poorly adapted to future additions, for example in the case of road widening, and eventual 
demolition is expensive, as it is the landfill disposal of materials 
x Works require maintenance (typically drainage interventions), but material’s degradation is inevitable. 
 
 
Fig. 3. An example of actual concrete retaining wall in Colombia. 
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The proposed innovative solutions include applications of “bioengineering” and they can be alternative or 
integrative to traditional solutions. Bioengineering provides the use of live plant species present in the area and 
preferably repairable on site, as construction materials. Among the plus points are noted: 
x The required materials are available locally. Other materials are metal nets, cables, rods and screws, geomats, 
geogrid and geosynthetics. Such materials are very low volume. This reduces transportation costs; 
x Environmental integration is optimal; 
x The execution of the works is simple, small in size, with less impact on traffic deviations; 
x Specialized supervision is required, but unskilled labors are sufficient for their erection; 
x Interventions are flexible and easy to extend or integrated in the future; 
x With proper maintenance durability is significant. 
Material used in bioengineering reduces the costs of works: based on our experience, savings over traditional 
interventions range between 25% to 30%. 
Others bioengineering solutions used on the Colombian projects has been rock slope protection, ground slope 
reinforcing (soil nailing) and Rock fall nets. 
 
a  b   
Fig. 4. (a) Reinforced earth retaining wall layout; (b) Reinforced earth retaining wall example. 
 
a  b  
Fig. 5. (a) Rock fall nets example; (b) Rock slope protection example. 
3.2. Asphalt mixtures 
It is believed that one of the oldest methods of paving was the so called “Roman road”. Created to facilitate 
communications within the empire, this road was developed in various stages and some of its stretches are still in 
good condition. Nowadays asphalt mixtures and concrete are the most usual for pavement construction materials 
because they provide a good support and allow passage of vehicles without major damages. 
An asphalt mix is usually a combination of asphalt and aggregate minerals. The relative proportions of these 
minerals determine the physical and performance properties of the mixture. Conventional asphalt mixtures have 
properties that meet the normal requirements of pavements; however, when severe climate conditions and high 
traffic volumes occur, it is necessary to seek appropriate and economically viable technical solutions that enable the 
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concessionaire to meet service levels required, both at the beginning and at the end of operating time, making it vital 
for the maintenance cost of the road. 
Since a large percentage of car accidents that occur every day are related to the deterioration of the roads, it is 
very important to prolong the life of pavements. This is achieved by studying potential changes in the designs. 
Clearly, the benefits of these developments would impact both on road safety and project economy. 
Polymer modified asphalts are conventional mixtures which are added with a polymer that enhances the 
properties, producing: 
x Increased adhesion properties even in presence of high humidity; 
x Increased resistance to deformation and fatigue; 
x Reduced susceptibility to thermal variations. 
According to the polymer applied and the amount thereof, can be obtained increases in pavement service life up 
to 100%, against an increase cost of the mixture up to 25%. 
In the following tables features and comparisons between conventional and polymer modified asphalts are 
shown. 
a  b  
Fig. 6. (a) Rutting curve according to Applied Polymer; (b) Fatigue Test Results according to Applied Polymer. 
 
Fig. 7. Life cycle of the asphalt layer. 
Analyzing graphs, it is observed that for a polymer modified asphalt, the life cycle is much greater than that of 
conventional binders. Defined the Load Equivalence (LE) as the structural performance of an asphalt layer 
compared to another, for modified asphalt mixtures with Reactive Elastomeric Terpolymer (RET), this is about 1.5 
compared to a conventional asphalt. Economic evaluations that have been conducted show that the use of polymers 
with a LE greater than 1.2, represents a saving on the final cost of the project. 
Consequently: 
x Polymers are the economical choice when traffic volumes are high or climatic conditions are tough and the 
project has included the maintenance for a certain time, to allow the return of capital invested; 
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x Requested service levels of the road can be preserved for longer, requiring less maintenance interventions more 
spaced in time, which means better service index and a greater availability of the road by users; 
x The polymer modified asphalt mixtures also allow us to optimize the use of natural resources. In our case, we 
reduced the environmental impact reducing the thickness of the asphalt, using quality stone materials. In the first 
corridors delivered, the use of the Dense Hot Mix modified polymers, represented a 6% savings in the cost of 
construction work.  
4. Technological innovations 
Traffic, especially in metropolitan areas, has become an everyday problem difficult to solve. An issue that causes 
undesirable effects as increased travel time or failure times in public transport, intolerable air pollution and noise 
levels that seriously affect health and has its counterpart in significant economic losses. A problem accentuated in 
recent decades by the increasing use of the automobile, a diffuse decentralization process and an increasing number 
of trips and amplitude thereof. 
As regards the environment, the situation is also worrying. Transportation is, in this area, responsible for over 
60% of carbon monoxide emissions, 50% of nitrogen oxides and 33% of hydrocarbons. Moreover, the consequences 
of pollution on the health of European citizens represent a cost of 0.5% of EU GDP. 
Colombia is no stranger to this problem, due also to the effects of population growth with economic, 
environmental and quality of life consequences. 
The purpose of implementing an Intelligent Transportation System (ITS) is to allow the collection, storage, 
processing, analysis and distribution of information related to road operation, in order to improve traffic 
management and achieve a more efficient and safe operation of the infrastructure, generating more information to 
users, reducing travel time, reducing the cost of fuel consumption and environmental impact, among others. 
Any technological platform achieves its true operating profit, and therefore the return on investment, when it 
come across both the technical components (equipment) as the operation and maintenance processes, needed for an 
operating strategy and continuous improvement. Technology alone does not achieve the goals without processes and 
people involved. 
The major subsystems required in the design of road concessions are: 
x Telecommunications infrastructure: consisting of hybrid solutions with fiber 
optic as backbone, different wireless systems and mobile technology solutions, 
to connect all elements along the corridor; 
x Electronic Toll Collection System (ETC); 
x Operational Control Center (OCC): room where centralized management of all subsystems is made; 
x Variable (or Dynamic) Messaging Systems VMS (DMS), integrated with information screens to provide useful 
information for travelers; 
x Video surveillance cameras (high-speed) for vehicle identification, counting and speed control systems; 
x Weighing system; 
x Intelligent lighting systems in critical areas. 
Perceived benefits in projects integrating ITS are: better information in real time, faster response to emergencies, 
greater fluency in circulation, increased road safety, automatic vehicle and freight location, environment 
amelioration, and, at least but not at last, development of related industries. 
Studies indicate a clear contribution of ITS to develop a more sustainable mobility in the sense of increasing 
services without increasing impacts. It has been found that ITS not only contribute to increased productivity of 
transport systems, with the positive impact this has on the economy, but that is in itself a market with high economic 
potential and interesting future projection. The trend is to make the ITS design by subsystems, allowing proper 
integration of the different elements. An important role to meet the functional requirements is to establish 
a governance model and organization with appropriate policies. 
Due to the diversity of manufacturers and systems today existing on the market, both for the collection and the 
transport of data, is always advisable to make preliminary pilots projects, led by a severe test plan, where it is 
verified that the product complies with all features offered. The resulting information can be used to explore other 
business alternatives. 
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Fig. 8. ITS subsystems. 
5. Innovation in financial structuring 
According to ANAS experience, it is proposed, as a new alternative, to use the Italian practice in the financial 
model, called Financial Regulatory Plan (FRP), where toll and additional revenues remunerate only admitted 
project’s costs: return on capital invested, depreciation costs, operation and maintenance costs. In this way the FRP, 
seeks to determine if the project’s costs are balanced, at the end of the concession, by the income received from tolls 
and eventual government grants, discounted at WACC (Weighted Average Cost of Capital). The pursuit of this 
balance allows to review what executed annually and to determine pricing adjustment policies. In addition, FRP 
allows to calculate the value that the contracting entity should pay to the operator in case of early settlement of the 
concession’s contract in a given year. This FRP is an official document that is part of the concession contract and 
every five years it is revised to allow small adjustments ensuring regulatory balance, without waiting to have 
unexpected concerns at the expiration of the concession. 
To calculate the financial balance should be used a discount rate in accordance with market conditions and 
projects with similar levels of risk and technical features. This rate corresponds to the WACC, with which the 
projected cash flows are updated to calculate the IRR (Internal Rate of Return) of the project. Thereby it is 
considered that companies are financed by two mechanisms: through financial resources, which are denominated 
debt or through direct investment, denominated equity. 
In infrastructure projects worldwide equity ratio to investment value ranges from 20–30% while the rest is 
financed by third parties. The financial leverage can be of 3 types, multilateral agencies, international banks and 
local banks. 
Multilateral agencies promote infrastructure development in different countries and make long term development 
loans, compared to that of commercial banks, that can have the same duration of the concession, which makes it 
much more profitable for the concessionaire. But this type of loan has a much longer and difficult process to be 
obtained than a commercial bank credit.  
International banks has a capacity of debt much higher than local banks. Moreover, because its desire for risk 
diversification, a project like this is framed within their target investment. Unfortunately these banks do not usually 
pay in local currency, and given the length of payback, create a currency exchange risk very high to the project. 
Local banks, is a source of leverage in local currency, avoiding exchange risk. This source has lower time limits 
than multilateral banks and generally do not gather the entire loan individually.  
There is the possibility of creating a structure of debt leverage through a hybrid of the above, making an 
international bank to grant a loan in foreign currency at a good rate at a local bank, and this use these currencies for 
their international operations and fit a loan in local currency to the concessionaire with the guarantees on the project. 
In the following are described various financial instruments used by private subjects to finance infrastructure 
projects. 
In large PPP projects, especially in the UK, it is not unusual that the Administration actively contribute to finding 
the best financing conditions thereof, requiring the opening of proceedings for the election of debt providers, known 
as “debt funding competition”. The competition may not be adequate under conditions of limited financial liquidity. 
The Marguerite Fund is an European Trust, which was founded with the objective of supporting investment in 
infrastructure contributing to the fight against climate change, energy security and trans-European transport 
networks. Marguerite Fund is the first joint initiative developed by leading European public institutions. It acts as 
a long term investor (20 years) and it is managed by an independent team that is responsible for identifying and 
evaluating potential investments. 
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The Project bonds are specific bonds issues related to a project, with return of capital depending on the cash 
flows generated by the project itself. In order to make the Project Bond an instrument with market appeal, 
encouraging the financing of public infrastructure by the private sector, have to be introduced amendments to 
legislation, as: 
x Companies incorporated in order to build and manage an infrastructure project can issue bonds, with the approval 
of the local supervisory bodies, including during the construction phase of infrastructure. These bonds are 
nominative and cannot be transferred to people who are not qualified as institutional investors; 
x Until the beginning of the operation of the infrastructure by the concessionaire, obligations can be guaranteed by 
the financial system; 
x To introduce a tax incentive to the signing of Project Bonds, in Italy a tax system like the taxation of government 
bonds is foreseen; 
x Project bond issue can also be used to allow refinancing credit operations or senior debt acquired previously. 
Another possible tool to limit the risks associated with PPPs could be a public guarantee fund in order to provide 
part of the bank debt of the Licensor. 
6. Tendering process 
ANAS, classified among the leading Italian contracting authority, has experienced since many years the 
concessions structure using the project financing tool for large infrastructure projects. It has therefore designed and 
optimized tender procedures aimed at involvement of private subjects, in compliance with the Italian legislation on 
public works and developed with reference to the international scenario in the field of PPP contracts. 
This type of procedure has fostered not only the financial support of private sector in conjunction with the public 
one for the execution of large infrastructure projects, but also allowed the insertion of project proposals made by 
private subjects within the National Development Plan framework. In this way the role of “Private Promoter” has 
been fully integrated in the governmental planning process, contributing concretely to its definition and to the 
implementation of its action plans. 
ANAS experience in the field of PPP has been successful also at international level. It is the case of Colombia, 
where ANAS has supported the local contracting authority to the development of a PPP concession system of new 
generation, which the government is now using for the implementation of its important infrastructure investment 
plan. 
Referring in particular to the characteristics of the contract experienced in Colombia, it should be stressed that 
ANAS, on the basis of the Italian model, has contributed to the adoption of a methodology which provides the use of 
a single model of Convention in all concessions tendering, consisting of a general part, such as applicable to each 
procedure, and a special one provided with specific attachments for each project. 
The procedure involves a first phase of prequalification, targeted to the selection of the subjects that satisfy the 
technical and financial requirements provided in the tender instructions. Such kind of restricted procedure, well 
consolidated in Italy, guarantees a qualified participation for the benefit of the contracting authority and the 
subsequent production process. 
To note also the great importance, in this context, of an extensive promotional plan, aimed to attract the world of 
investors both in business and banking. In the Colombian case, the success of such promotional initiatives, 
implemented through specific “road show”, has contributed significantly to accelerate the procurement and 
awarding process of the first concessions of “fourth generation”. 
7. Conclusions 
In the PPP acronym the most important P is the third one: Partnership. It is important that the public 
administration proposing the concession, properly plan the project and arrange a fair contract, financially attractive 
for the private sector. Also the risk analysis is a fundamental step in the study of a PPP project. The definition of 
a Risk Financial Plan with annual provisions that the public entity will use to hedge against project’s risks is 
suitable. 
To analyze the economic viability of the project, we must have an accurate analysis of traffic flows with a careful 
prospection, integrating future development of the territory crossed. However, it is advisable not to oversize the 
infrastructure at the beginning, but to foresee, both in the design and contract, an optional second phase of works. 
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Another aspect that is worth considering when structuring a PPP initiative are the “secondary incomes” that 
might result even in being self-sustaining of the project feasibility without the need for tolling. 
Cost optimization concern mainly the engineering of the construction. Main innovations concerned slope 
stabilization and asphalt mixtures. For the first aspect, applications of “bioengineering” can be alternative or 
integrative to traditional solutions. Material used in bioengineering reduces the costs of works, saving between 25% 
to 30% over traditional interventions. Concerning the asphalt mixtures, polymer modified asphalts increase 
pavement service life up to 100%, against an increase cost of the mixture up to 25%. Polymers are the economical 
choice when traffic volumes are high or climatic conditions are tough, requiring less maintenance interventions, 
which means better service index and a greater accessibility of the road by customers. 
Regarding the ITS technologies applied to road network, studies indicate a clear contribution of these in 
developing a more sustainable mobility. It has been found that ITS not only contribute to increased productivity of 
transport systems, with the positive impact this has on the economy, but that is in itself a market with high economic 
potential and interesting future projection for the development of related industries. 
Finally it is proposed, to use the Financial Regulatory Plan (FRP), where toll and additional revenues remunerate 
only the return on capital invested costs, depreciation costs, operation and maintenance costs. FRP allows to 
calculate the value of the concession’s contract in a given year, ensuring regulatory balance. In infrastructure 
projects worldwide equity ratio to investment value ranges from 20% to 30%. The financial leverage can be of 
3 types, multilateral agencies, international banks and local banks. There is the possibility of creating a structure of 
debt leverage through a hybrid of the above. Project Bond can also be a sound instrument with market appeal, but 
amendments to legislation might have to be introduced. 
At least, but not at last, it is important, for the success of a PPP tendering procedure, to foresee a prequalification 
phase and an adequate promotional plan to attract investors. 
